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Yáâ
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pp → hh → bb̄γγ a bcde f gh ijc

÷ èîèkéç èl úèêéèm ñí ì
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hh → bb̄γγ ��a �f�a
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*$� � �� �� . ÿ$# + �� �� . ÿ$# +
'78 �3 +< �; +�: � �

<;; )#−1 23 +3 2; +�: � �
( '78 �; +�: �; +=4 �3 +: �; +�<

<;;; )#−1 2; +<4 2; +:< 2; +� 2; +=�> '78 �; +9; �; +4< �; +<4 �; +9<
34;; )#−1 2; +4� 2; +44 2; +=; 2; +94

→ � �,- ���ú�� �� ��� � �� � - ��-
→ ÿ � ��� �þ�0 �����E����0 �! #� ÿ$#0 �þ�0 ���



e+e− → ZHH
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È ÉÊ���É�bÊda �Ê λ bd Ë
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→ Æ�Ym �kÄ ¾ÚÆ��Ã ��Ã ÛÂY �Ü �_���Å Ý

λeff
hhh =

M2
h

2v2

[

1 − NC
3π2

m4
t

v2M2
h
+ ...

]

Õ
Mh, mt

³ Î¶ Þßà× á¹³ â Í³××¶×Ö

∼ −10% �� � Mh = 120 ã�ä
∼ − 4% �� � Mh = 180 ã�ä
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2
∂µ(Φ

†Φ)∂µ(Φ†Φ) � O2 = −1
3
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
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PQRS T U VWñ XUS
Mh > 140

R
OWW = (φ†φ) [W +

µνW
−µν + 1

2
W 3

µνW 3µν]

OBB = (φ†φ)BµνBµν

OBW = Bµν[(φ†σ3φ)W 3
µν +

√
2[(φ†T +φ)W +

µν

+(φ†T −φ)W −
µν]]

OW = (Dµφ)†[σ3(Dνφ)W 3
µν

+
√

2[T +(Dνφ)W +
µν + T −(Dνφ)W −

µν]]

OB = (Dµφ)†(Dνφ)Bµν

OΦ,1 = (Dµφ)†φφ†(Dµφ)

→ � ��õ å÷ó�å &ó�� �ó� ù$òõ% ù
hhWW "hhZZ "hhZA "hhAA �õ üö ��õ�Y�ö ����&N �ó÷�ö üå �÷õò ôN S, ρ, gV V V Z'4[ \]) ^)_>`a ,E ) ^ [2 =A F_?)E,> _)>E bcdD
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PQRS T U VWñ XUS
Mh < 140

R
ýij�jk l
mn
 jl o�pq ��rr�
Odφ = (φ†φ)(q̄dφ)

O
(1)
φq = i(φ†Dµφ)(q̄γµq)

O
(3)
φq = i(φ†Dµσiφ)(q̄γµσiq)

Oφd = i(φ†Dµφ)(d̄γµd)

Oφφ = i(φ†εDµφ)(ūγµd)

ODd = (q̄Dµd)Dµφ OD̄d = (Dµq̄d)Dµφ

OdW = (q̄σµνσid)φW i
µν

OdB = (q̄σµνd)φBµν

→ �ó�õ �ó÷�ö üå �÷õò ôN Zbb̄ "γbb̄ �ó�%�
→ óö�õü� � ��õ �÷öõ üõ�ö �÷� üå üõ òõ�åN� s

h → bb̄Z, bb̄γ, ...

I tu� v �ó÷�õ ü÷ �ó ü λ �õv�� üõ�õ÷ö� �÷�õ ÷ó �v�� %õvw �ó ü õxö üv bb̄
vö Mh
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v÷ò tan β "
üvö �ó ó� �%�òóM ÷ �õ�� v2, v1
r�k �� p � �k �q�

tan β
o���� ���� 


∼ 3
p �

∼ 30
�

���õ �övöõ� öó óô�õ ü�õ s h, H, A, H± s
· h � �$õ�õ÷ " &���ö " öN%��v &&N � $ &�wõ
· H � �$õ�õ÷ " öN%��v &&N �õv�N
· A � �$óòò " öN%��v &&N òõ�õ÷õüvöõ M�

H

· H± öN%��v &&N òõ�õ÷õüvöõ M�
H, A

��v �÷ " �ó÷� �òõü
pp → gg → ΦiΦj, Φi = h, H, A

ù
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V (φ1, φ2) = λ1(φ

†
1φ1 − v2

1)
2 + λ2(φ

†
2φ2 − v2

2)
2

+λ3

[

(φ†
1φ1 − v2

1) + (φ†
2φ2 − v2

2)
]2

+λ4

[

(φ†
1φ1)(φ

†
2φ2) − (φ†

1φ2)(φ
†
2φ1)

]

+λ5

[

Re(φ†
1φ2) − v1v2 cos ξ

]2

+λ6

[

Im(φ†
1φ2) − v1v2 sin ξ

]2

) ^^
λi

*,) ^2
ξ
*,_*,>,=E>

CP � aA ^)E aA=CA=�,*E EA λφiφjφk

=AE)E aA= �
λhhh = 3 cos 2α sin(β + α) + 3ε

M2

Z

cos3 α
sin β

λHhh = 2 sin 2α sin(β + α) − cos 2α cos(β + α) + 3ε
M2

Z

sin α cos2 α
sin β

λHHh = −2 sin 2α cos(β + α) − cos 2α sin(β + α) + 3ε
M2

Z

sin2 α cos α
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λHHH = 3 cos 2α cos(β + α) + 3ε
M2

Z

sin3 α
sin β

λhAA = cos 2β sin(β + α) + ε
M2

Z

cos α cos2 β
sin β

λHAA = − cos 2β cos(β + α) + ε
M2

Z

sin α cos2 β
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tan β
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gHdd,Add ∝ tan β " ¬�­ ®¯­ λ Z
∴ ¬¯x M �®� ¯�­ ¬N tan β2

→ �°v��±°�°®­ ��° &°��
²® v³³ �­ �¯®" ­N %��v &&N �Mv�%°³ ¬N H/Abb̄

&v ±�° tan β ±°� �¯® %±°­­N �¯%° &°�� ùùù
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µHuHd
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· |µ| ���­ ¬° v
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 ®°$­�®�®� v�v �® Z

�¯�� �¬&° �¯ &�­ �¯® s Èt �� É
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· CP

��B
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